Introduction {#S1}
============

For imaging in otorhinolaryngology, different modalities have been established: for example, for the representation of bony structures, computed tomography is widely accepted. The two regions in ORL where CT is mostly applied are the anterior skull base and the lateral skull base.

The main indication for imaging in these regions is the visualisation of pathologies or anatomical variants for planning therapeutic procedures, such as an operation to minimise possible complications. In the case of imaging soft tissue, magnetic resonance imaging (MRI) or sonography is preferred. In the last few years an equivalent alternative has been found, at least for bony structures, namely cone beam computed tomography (CBCT), which, like conventional CT, is based on the application of X-rays.

Penetrating human tissue, X-rays have an ionising effect. Modifications of human genetic material (DNA) can occur that can be carcinogenic for the affected person, or even for future generations when germ cells are affected [@R01]. However, a major part of this damage can be corrected by the endogenous defence system [@R02]. This needs to be kept in mind particularly for children, who have a longer life span compared to adults. To evaluate the radiation dose that acts on the human body, the Computed Tomography Dose Index (CTDI) is a reliable value.

CBCT offers a good spatial resolution and detailed reconstruction with a lower irradiation in comparison with CT [@R03]. Basically, the lower irradiation results in higher ratio of noise. However, in daily routine, the quality of the images is good enough for sufficient diagnostic power [@R04]. Therefore, it might be a good alternative for tomography, especially in children [@R05]^-^[@R08]. Another advantage is that CBCT is very fast, usually taking between 9-18 seconds, and therefore it is a good alternative for patients with lower compliance. Furthermore, it is an open device, so that for claustrophobic persons and anxious children in particular, it may be a pleasant alternative to CT.

To date, while most recent studies have looked at the differences between CT and CBCT, there is no clear statement concerning the indications of CBCT in head and neck imaging in children. Therefore, the aim of the present study is to analyse and discuss possible applications of CBCT in children and to compare these indications with those of adults in the current literature [@R09].

Materials and methods {#S2}
=====================

Within this study all data of between 01/2004-06/2013 of CBCT performed on children (age between 0 and 18 years) was retrospectively analysed. All imaging procedures were performed and indicated by the Department of Neuroradiology in accordance with the patients\' clinical background, based on clinical examination. In total, 650 patients fulfilled these criteria. Of these, 96 patients were excluded because the imaging was indicated and conducted by colleagues from oro-maxillofacial surgery. Finally, a total of 554 cases were analysed.

All imaging was performed with a CBCT device 3D Accu-I-Tomo, model MCT-1, type EX-2 F17 (Morita, Kyoto, Japan). This device has a detector of 17 cm width and 12 cm height and allows Field of Views from 4x4 cm up to 12 x 17 cm without any kind of stitching. With the associated software i-Dixel for processing, analyses and archiving (i-Dixel 2.0 Morita, Kyoto, Japan), the demographic and technical information of patients and images, including weighted CTDI (CTDIw), acquisition time, rotational angle, tube current and voltage as parameters for radiation exposure and the Field of View (FOV) were collected. Furthermore, the target region (paranasal sinuses/ anterior skull base, petrous bone/ lateral skull base, other), the use of scout-imaging and the necessity of repetition were evaluated.

Based on clinical charts, indications for radiological imaging were researched and divided into relevant groups.

Data were analysed using the SPSS 17.0 package (SPSS Inc., Chicago, IL, USA) regarding frequency distribution and descriptive statistics. As a comparative test, the twosided t-test with independent variables was used and a 95% confidence interval was set. Pairwise comparisons were Bonferroni corrected whenever necessary. Statistical significance level was set at p \< 0.05.

Results {#S3}
=======

A total of 554 patients were enrolled in the analysis. Mean age was 10.36 ± 5.5 years. The study population consisted of 37.4% females (N = 206) and 62.6% males (N = 348). In 61.6% of cases, imaging was performed at the anterior skull base (208 male versus 133 female), whereas in 38.3% of cases it was at the petrous bone/lateral skull base (139 male versus 73 female). In one patient (0.2%) looking for a foreign body, the region of interest was the neck. The following data regarding the adjustments of the xray tube and examination parameters are summarised in [Tables I](#T1){ref-type="table"} and [II](#T2){ref-type="table"}. Regarding the rotational angle of the xray tube, there were differences with regards to the target areas found: an angle of 180° was mainly used for 47.8% (n = 163) of the anterior skull base region and for just 8% (n = 17) of the lateral skull base, whereas a rotational angle of 360° was chosen for 92% (n = 195) of the lateral skull base and for 52.2% (n = 178) of the anterior skull base.

###### 

Technical parameters in CBCT imaging in children 2004--2013 vs. children 2012-2013.

  -------------------------------------------------------------------------------------------
                        Tube current (mA)   Tube voltage (kV)   Rotation angle   CTDI (mGy)
  --------------------- ------------------- ------------------- ---------------- ------------
  Anterior skull base   4.79                82.43               180° - 47.8%\    4.24
                                                                360° - 52.2%     

  Lateral skull base    6.97                85.06               180° - 8%\       6.01
                                                                360° - 92%       
  -------------------------------------------------------------------------------------------

###### 

Examination specifications.

  ---------------------------------------------------------------------------------------------------------------
                        Scout   Repetition   FOV              Additional imaging   Reason for repetition
  --------------------- ------- ------------ ---------------- -------------------- ------------------------------
  Anterior skull base   33.4%   4.7%         14x10 - 18.2%\   0.3%(1)              3% (10) - motion artefacts\
                                             10x10 - 45.5%                         1.5% (5) - incomplete FOV

  Lateral skull base    17%     5.5%         6x6 - 95.3%\     3.8%(8)              3.7% (8) - motion artefacts\
                                             8x8 - 2.4%\                           0.9% (2) - incomplete FOV
                                             10x10 -- 1.4%                         
  ---------------------------------------------------------------------------------------------------------------

Analysing the data of the FOV in 95.3% of the images of the lateral skull base, a 6x6 cm (cylindrical diameter and height) window was used, while for the anterior skull base in 45.5% a 10x10 cm window, followed by a 6x6 cm window (22.8%) and a 10x14 cm window (18.2%) were used. With respect to the tube voltage, in the total patient cohort a significant difference was found between the lateral and the anterior skull base (82.43 kV vs. 85.06 kV, p = 0.000). Also detected was a significant positive correlation between the tube voltage and the age of the patient (lateral skull base: p = 0.000; anterior skull base p = 0.000). No correlation was found between sex and tube voltage (p = 0.778).

Furthermore, significant differences regarding the tube current were found for the different target regions, the lateral skull base vs. anterior skull base (6.97 mA vs. 4.79 mA, p = 0.000). A significant negative correlation between age and tube current was found only for the anterior skull base (p=0.000). No correlation was found between the tube current and sex of the patients (p = 0.416 lateral skull base, p = 0.193 anterior skull base).

For the total patient cohort, a significant difference between the CTDI necessary in the lateral skull base versus the anterior skull base was found (6.01 mGy ± 1.26 vs. 4.24 mGy ± 1.92, p=0.000). A positive correlation could furthermore be detected between patient age and the CTDI for anterior skull base imaging (p = 0.005).

During the years 2004-2013, 5.5% of the lateral skull base imaging had to be repeated, whereas the repetition rate of anterior skull base imaging was needed in 4.7% of patients. The most common reason for repetition (in total: 66.67%; lateral skull base: 80%; anterior skull base: 58.82%) was a blurred image due to non-adherence of the patient, followed by an incomplete presentation of the region of interest (33.33%). Imaging repetition was more frequent in the age group 3-7 years ([Table II](#T2){ref-type="table"}).

In 1.63% (n = 9) of cases additional imaging seemed to be necessary to verify the suspected diagnosis (0.3% (n = 1) of all anterior skull base imaging versus 3.8% (n = 8) of all lateral skull base imaging). The affected age group was mostly the group of adolescents. A retrospective analysis of the additional imaging compared to the initial CBCT imaging showed that in 66.67% (n = 6) no further information could be gained, whereas in 33.3% (n = 3) additional information was given or another diagnosis was made ([Table II](#T2){ref-type="table"}).

After analysing the primary charts, a total of 26 different indications could be detected. Looking at lateral skull base imaging, a total of 12 different indications could be identified. The most common indication of the whole study collective was epitympanic chronic otitis media (20.3%), followed by otorrhoea of unknown origin in 17.5% and position control of cochlear implant in 11.8% ([Table III](#T3){ref-type="table"}). For anterior skull base imaging, 10 different indications were determined, led by suspected fractures of the mid face (60.4%), nasal airway obstruction (11.4%) and acute rhinosinusitis (12%) ([Table III](#T3){ref-type="table"}).

###### 

Indications of CBCT at the lateral and anterior skull base in paediatric group.

  ---------------------------------------------------------------------------------------------
  Anterior skull base\                             Lateral skull base\
  (N = 341)                                        (N = 212)
  ------------------------------------------------ --------------------------------------------
  Mid-facial trauma (60.4%)                        Cholesteatoma (20.3%)

  Disturbed nasal breathing (13.9%)                Otorrhoea (17.5%)

  Chronic rhinosinusitis (12%)                     Cochlear implant position control (11.8%)

  Cephalgia (5.9%)                                 Conductive hearing loss (11.8%)

  Rhinorrhoea (2.3%)                               Suspected mastoiditis (8%)

  Tumour of paranasal sinuses (1.8%)               Acute otitis media (6.1%)

  Search for focus (1.5%)                          Malformation of the ear (5.7%)

  Dacryostenosis (0.9%)                            Sensorineural hearing loss (4.2%)

  Exclusion of focus at paranasal sinuses (0.6%)   Chronic otitis media mesotympanalis (3.8%)

  Planned epithesis supply (0.6%)                  Tumour of auditory canal (3.3%)\
                                                   Otalgia (2.8%)\
                                                   Status after ear trauma (1.9%)
  ---------------------------------------------------------------------------------------------

Discussion {#S4}
==========

The necessity of imaging in children should take into consideration how much it is really required and which structures need to be visualised. Over the last few years the use of conventional CT in the field of imaging bony structures has found strong competition in the form of CBCT.

Offering a good spatial resolution and detailed reconstruction, CBCT has lower irradiation in comparison with CT [@R06] [@R08] which, in children in particular, is a huge advantage. As the sensitivity of cells towards ionising radiation depends on the rate of mitosis of cells, those cells with a high rate of mitosis are more sensitive towards damage caused by ionising radiation because the mitosis growth rate of cells in children is up to 10 times higher than in adults, so their cells are also more sensitive to ionising radiation. The highest sensitivity towards ionising radiation is found in newborns and decreases with age [@R10]. Another feature in children is that the endogenous mechanisms to control damage caused by radiation is not fully mature and therefore less effective compared to adults. In addition, body proportions in children are different compared with adults -- for example, bone marrow is distributed in almost all body parts more homogeneously, the greater part being located in the trunk, which is why bone marrow is especially threatened and the risk of developing leukaemia is high [@R11]. Also, the risk of developing other cancers induced by radiation over the years is higher in children because compared to adults the manifestation of longterm- effects is more probable as children potentially have a longer life span [@R12]. Therefore, it is important to strictly establish the indications for x-ray-dependent examinations in children and to minimise the radiation dose. One possible way to reduce the dose is by discussing the need for quality imaging. Bitterwolf et al. demonstrated the potential of optimising irradiation for anterior and lateral skull base examinations through discussion of the clinical need for images [@R13].

Nevertheless, in frequent cases, an imaging of bony structures is needed to confirm a diagnosis or to plan treatment. This study focused on the evaluation of indications for CBCT in daily otolaryngology imaging in children. The most common indications in the anterior skull region in children were circumscribed mid-facial trauma (60.4%) followed by disturbed nasal breathing (13.9%) and chronic rhinosinusitis (12%). In comparison, in adults the most frequent indication was chronic rhinosinusitis (54.8%), followed by disturbed nasal breathing (13.3%) and midfacial trauma (10.8%) [@R09]. These findings correspond to a study in which it was demonstrated that 80% of all imaging of the anterior skull base is based on indications of chronic rhinosinusitis [@R14] [@R15] and guidelines recommend CBCT as an alternative to conventional CT [@R16] [@R17]. For the second most frequent indication, i.e. disturbed nasal breathing, the successful use of CBCT was demonstrated [@R18] and is usually performed preoperatively to predict possible complications that might be a result of individual anatomical features. The third frequent indication of adults and most frequent in children is mid-facial trauma, which refers primarily to fractures of the nasal bone. For this indication, simultaneous fractures of the mid-face bones need to be excluded, which is why a FOV of 14x10 cm was still the most recommended and used window, both in children and adults in the present study [@R19]. In cases of involvement of the brain or eye, or patients with multiple trauma, CT is first line choice. Regarding imaging of the lateral skull base, the most common indication in children is suspicion of cholesteatoma (20.3%) followed by chronic otorrhoea (17.5%) and cochlear implant electrode position control (11.8%). The CBCT has been shown to give an equivalent visualisation of the middle and inner ear structures compared to CT, which is why it is also recommended in guidelines for chronic otitis media [@R20] [@R21]. However, in adults, the most frequent indication is position control after cochlear implantation (CI) (31.2%), followed by cholesteatoma (20.9%) and chronic otitis media mesotympanalis (6.8%). The successful diagnostic pathway for evaluating the correct position of the CI electrode has already been demonstrated, which is why it has been established in routine diagnostics [@R22]^-^[@R25]. In children, this is only the third most frequent indication, which might be based on the fact that CI implantations are more frequent in adults than in children in our clinic, and the fact that paedoatric patients are most commonly aged about one year or younger. At this age, the CBCT available at our department (sitting position) is of no use.

Regarding technical parameters, for the imaging of the anterior skull base in children in the present study, in half of the cases 360° was used and in half a 180° angle was utilised. Due to the fact of twice as many images, the 360° setting results in a higher-quality image and allows more precise visualisation of small structures (e.g. ossicular chain). However, it was shown that the image quality using a rotational angle of 180° is also sufficient, with a 50% reduction in the radiation dose, especially in the lenses and the dosage of the parotid gland [@R04]. Furthermore, the advantage of a 180° mode is the shorter examination time. The 360° rotational angle was mainly used for lateral skull base imaging in the present study (for adults and children), however, it could be demonstrated that here too a rotational angle of 180° is adequate for sufficient imaging quality [@R13]. In the future, a rotational angle of 180° should be chosen to shorten the examination time and to reduce the radiation exposure while still achieving sufficient imaging quality.

Other parameters that can reduce the radiation dose are the tube current and/or tube voltage [@R26] and a focus on dedicated field of views. The dosage should be chosen taking into consideration the region need to be shown. As a result of this, the lateral skull base with smaller bony structures needs a higher dose in comparison to the anterior skull base (6.97 mA vs. 4.79 mA, p = 0.000). In the present study, a significant correlation between the tube current and age was also found for the anterior skull base (p = 0.000). This demonstrates the consequent use of dose reduction protocols with lower age. The same findings could be detected in analysis of tube voltage (85.06 kV vs. 82.43 kV; p = 0.000).

In consideration of this, our standard protocols with the above mentioned machine are 90 kV, 3 mA and 180° for anterior skull base and 90 kV, 8 mA and 180° for the lateral skull base. In small or slightly small children, the tube current is reduced by 0.5 to 1.5 mA. The field of view (FOV -- diameter x height of cylinder) for the anterior skull base was most frequently 10x10 cm, followed by a 6x6 cm window. Theoretically, fractures of the nose could be diagnosed within a FOV of 6x6 cm, the problem being that neighbouring parts of the mid-face bones cannot be evaluated sufficiently and so fractures of the mid face could be overlooked in this setting [@R18]. Therefore, in our opinion it is recommended to use at least the 10x10 cm FOV. For the lateral skull base, a window of 6x6 cm was mainly used. The FOV should be large enough to show the whole region of interest, but not too large, because local resolution decreases and radiation exposure increases as the size of the FOV increases [@R27].

The decision on how to proceed in a case of bilateral ear imaging should be performed individually, taking into account the applied radiation exposure, risk of movement artefacts and need for FOV. Comparing the different FOVs used in anterior vs. lateral skull base imaging, the fact that the structures of the paranasal sinuses are larger in contrast to the ear structures should be taken into consideration, which is why a larger FOV could be chosen here.

In the present study, 5.5% of the lateral skull base imaging and 4.7% of the anterior skull base imaging had to be repeated. The most common reason for this was a blurred image as a result of motion artefacts, followed by an incomplete FOV ([Table I](#T1){ref-type="table"}). Particularly in the age group 3-7 years, image repetition was more frequent. In lateral skull base imaging a rotational angle of 360° was frequently used, which results in a longer examination time (16.87 sec ± 2.5 lateral skull base vs. 13.42 sec ± 4.24 anterior skull base) and thus a higher possibility of motion artefacts because keeping still for a longer time is more difficult, especially for children. Nevertheless, in the comparable group of adults, motion artefacts were also the most common reason for image repetition in lateral skull base [@R09]. Possibilities for reducing the number of repetitions are the use of positioning aids [@R28], reduction of examination time and detailed explanation of the importance of a steady head position.

Conclusions {#S5}
===========

CBCT is a good alternative to conventional CT as an imaging technique of bony structures in children as well as in adults. The most frequent indications for anterior skull base imaging in children are circumscribed mid-facial trauma, disturbed nasal breathing and chronic rhinosinusitis compared to lateral skull base imaging for which the most frequent indications are cholesteatoma, otorrhoea and cochlear implant position control. In case of involvement of the soft tissue (e.g. orbital/ central complications) MRI or CT should be performed. Tube adjustments mainly depend on the region of interest. One aim should be a consequent reduction of radiation exposure by using a rotational angle of 180° on the back of the head.
